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The Effect of 8-Methoxypsoralen-Plus Ultraviolet Light on Cell-Virus 
Interaction: The Transforming Infection; Effect of PUV A on the 
Transformation of Baby Hamster Kidney Cells by Polyoma Virus 
VERA B. MORHENN, M.D., AND JAMES A. KAYE, A.B. 
Department of Dermatology, Stanford University Medical Center, Stanford, California, U.S.A. 
Pre-treatment of baby hamster kidney (BHK) cells 
with 8-methoxypsoralen (8-MOP) plus ultraviolet (UV) 
light enhances the frequency of their transformation by 
polyoma (Py) virus. Of the doses tested, 0.5 p.g/ml8-MOP 
plus 0.3 J / cm2 UV -light results in maximal (30-fold) stim-
ulation of viral transformation. 8-MOP alone does not 
affect viral transformation and UV -light alone causes 
only a slight increase in the transformation frequency. 
Thus the drug and light act synergistically in promoting 
the effect. Treatment of BHK cells with drug plus light 
without Py infection does not lead to a transformed 
morphology. A drug-light combination (0.01 p.g/ml 
8-MOP plus 1.2 J/cm2 UV) that inhibits cellular DNA 
synthesis to 75% of control at 28 hr after treatment 
results in a 6-fold stimulation of the transformation fre-
quency. 
Psoralen and its active derivatives are tricyclic, aromatic 
molecules capable of intercalating with native DNA [1] and 
forming cyclobutane photoadducts at one or both outer rings 
with pyrimidines upon irradiation with near-ultraviolet (365 
nm) light (UV A) [2,3]. Thus the psoralens can give rise to both 
monofunctional and bifunctional adducts [4,5], the latter form-
ing interstrand crosslinks in DNA. 
Photoactivated psoralens inhibit "H-thymidine incorporation 
in E . coli [6] and in human fibroblasts [7]. Photoactivated 
8-methoxypsoralen (8-MOP) inactivates DNA viruses but not 
RNA viruses [1]. Psoralen-plus-light increases mutation to pen-
icillin resistance in bacteria [8]. Moreover, this treatment pro-
duces micronuclei in cultured Chinese hamster cells [9] and 
causes an increased number of sister-chromatid exchanges in 
exposed human leukocytes [10]. There is now abundant evi-
dence that psoralen-damaged DNA is a substrate for repair 
activity in E. coli [11], as well as in human cells [12]. 
The ability of 8-MOP plus UV A (PUVA) to inhibit cell 
growth has led to its use in the "photochemotherapy" of pso-
riasis [13], a disease characterized by epidermal hyperprolifer-
ation, and of mycosis fungoides [14], a cutaneous lymphoma. 
Pretreatment of mammalian cells with x-rays [15], UV-irra-
Manuscript rece ived April 3, 1978; accepted for publication Septem-
ber 25, 1978. 
Portions of this work have appeared in abstract form in Clin. Res., 
February 1978 and have been submitted to the Society for Investigative 
Dermatology for presentation at the National Meeting, May, 1978. 
This work was supported by NIH grant #AM 18760-01Al , and by a 
Predoctoral Summer Scholarship from the National Psoriasis Foun-
dation (JAK). 
Reprint requests to: Dr. Vera Morhenn, Department of Dermatology, 
Stanford University Medical Center, Stanford, California 94305. 
Abbreviations: 
BHK: baby hamster kidney 
BSA: bovine serum albumin 
DME: modified minimum essential medium 
FCS: fetal calf serum 
8-MOP: 8-methoxypsoralen 
PE: plating efficiency 
PFU: plaque forming units 
Py: polyoma virus 
diation [16], and several chemicals [17] which interact with 
DNA is known to cause enhanced transformation of cultured 
cells by tumor viruses in vitro. Because PUV A is now in 
widespread clinical use, we inv.estigated the effects of ps.oralen-
light treatment on cell-virus interactions. We studied polyoma 
virus (Py), a small DNA tumor virus which transforms semi-
permissive cells [18], to determine whether pretreatment of 
baby hamster kidney (BHK) cells with PUV A would enhance 
the frequency of their transformation. 
MATERIALS AND METHODS 
Virus 
Py virus, large plaque type, was a generous gift of Dr. W. Eckhart 
(Salk Institute, La Jolla, CAl. Additional virus was grown in 3T6 cells 
according to the procedure reported by Estes [19], as modified for Py 
by P. Berg (personal communication). 
Cell Culture 
BHK 21/13 cells from the American Type Culture Collection were 
grown in a culture medium consisting of Dulbecco's Modified Minimum 
Essential Medium (DME) supplemented with 10% fetal calf serum 
(FCS) , penicillin G (50 units per ml), and streptomycin (50 Ilg per mI). 
Cells were cultivated in a humidified 10% CO, incubator at 37°C. 
During maintenance in culture, the original BHK 21/13 strain lost its 
non transformed characteristics. Therefore, the original stock was 
cloned using standard techniques [20] and for all the experiments 
reported here only BHK 21/13 clone 4 (CL 4) was used. 10" cells were 
seeded in Lux Petri dishes (6 em) 2 days prior to treatment. 
Treatment of Cells with S·MOP 
A 500 Ilg/ml stock solution of 8-MOP (Sigma) in 100% ethanol was 
stored in the dark a t -20°C. For each experiment, fresh dilutions of 
8-MOP were made in DME. The cells were incubated at 37°C for 1 hr 
in 8- MOP containing culture medium prior to the irradiation. 
Ultraviolet Light (UV}-irradia.tion. 
Cell cultures covered by 2 ml of culture medium-were irradiated with 
high-intensity UVA lamps (Sylvania #BGO-3824-231) in a light box. 
The UV-light dose was monitored using the radiometer supplied with 
the light box. The radiometer measures in the range between 320- 380 
nm [21]. The Petri dishes were positioned on top of a foot stool placed 
on the floor of the box and always irradiated at the same relative 
distance from the light bulbs. To measure the ftItration effect of the 
Petri dish covers and the medium a portable photometer (H. Wald-
mann) which measures between 320-400 nm (H. Schaefer, personal 
communication) was used. The cover of the Lux Petri dish and 2 ml of 
the medium each decrease the incident dose by about 10%. At the 
settings used, the dose of UV light reaching the cells ranged between 
0.3 and 1.2 J /cm2 • The lamp also produces light energy whose wave 
length is shorter than 320 nm. Using a radiometer (International light) 
which measures wavelengths between 290-320 nm (UVB) we deter-
mined that the Lux covers decreased the UVB content of the light 10-
fold whereas the medium itself appeared to have no effect. Thus for 
every I J /cm~ of UVA reaching the cells, about 1 mJ/cm2 UVB also 
penetrated to the cells. The lamps were prewarmed for at least 5 min 
before use on the cells. 
Determination of Plating Efficiency (PE) 
Cells were seeded at 10" cells per 6 cm P etri dish 2 days prior to 
8-MOP plus UV -light (PUV A) treatment. After irradiation as described 
a bove, the cells were re-equilibrated in a CO2 incubator. The drug-
containing medium was aspirated and the monolayer was washed twice 
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with DME. Then the cells were infected with Py for 2 hr. Unless 
otherwise indicated, 1.25 x 10" plaque forming units (PFU) per cell of 
Py virus was used in each experiment. Control plates were mock-
infected with 1% bovine serum albumin (BSA) in DME. All plates were 
then reincubated in culture medium containing 10% FCS. Twenty-four 
hours later, the plates were trypsinized and the cells counted . Aliquots 
of 200 cells were seeded in 6 em Petri dishes in 8 ml of fresh culture 
medium diluted 1: I with condi t ioned medium. For each point, triplicate 
plates were seeded. Seven to 10 days later, these plates were washed 
with phosphate buffered saline (PBS) , fixed with absolute methanol 
and stained with Giemsa for colony coun ting. The PE was calculated 
as the average number of colonies per dish divided by the number of 
cells seeded a nd multiplied by 100%. The surviving fraction was calcu-
lated as the PE of treated cells divided by that of control cells. 
Transformation Assay 
Cells were treated exactly as above up to the point of removing the 
aliquot for the PE. The remaining cells of the trypsinized cell suspension 
were seeded at 1-4 x 10" ce lls in 10 em plates in fresh culture medium. 
(For each experimenta l point 2-4 dishes were plated.) Two to 3 days 
later, when the cells were preconOuent, the medium was changed to 
DME supplemented with 2% FCS. After 10 to 14 days, the plates were 
washed with PBS, and were fixed and stained as above. Round colonies 
exhibiting a densely-stained, piled-up morphology were scored as trans-
formed. Such colonies were never found in noninfected controls. This 
selection method, which is a modification of the technique reported by 
Stanners [221 is reproducible and technically easier than MacPherson's 
0 .3% agar technique [23). Furthermore, the plates can be read at 10- 14 
days afte r incubation rather than 3-4 weeks as with the agar method. 
The frequency of transformation was calculated as the tota l number of 
transformed colonies on the plate divided by the surviving fraction . 
The enhancement factor is the ratio of the frequency of transformation 
of P y-infected cells pretreated with PUV A to the corresponding fre-
quency for nontreated cells infected with Py. 
FE in the Presence of Nonviable Cell:; 
Since the PE and the transformation experiments were seeded at 
different cell concentrations we devised the following protocol to equal-
ize the tota l number of cells plated in both assays. We treated BHK 
CL 4 cells with a 5 fLg / ml 8-MOP plus 3.0 J /cm' UV light (thereby 
producing nonviable cells, see Results), rinsed, trypsinized and added 
them to a PE experiment. 2 x 10" nonviable cells were added to 6 em 
L ux Petri dishes together with either 200 or 600 viable cells and the PE 
was carried out as described above. 
Injections of Animals 
Cloned cells were rinsed, trypsinized, suspended in 0.1-0.2 ml of 
DME and were injected subcutaneously into 3-4 mo-old male hamsters 
[24] using a tuberculin syringe. The animals were examined fo r mac-
roscopic tumor growth at the inj ection site 2-4 weeks later. On histo-
logical examination the tissue from the tumors was classified as a 
malignant neoplasm. 
G rowth on Soft Agar 
10 cm plates containing 0.5% agar were prepared [25). On these 
p lates either CL 4 cells (10·' or 10" cells per plate) or BHK CL 2 cells 
(10." 10,' or 10" cells per plate) were seeded. BHK CL 2 cells were 
derived from a transformed colony of cells on a plate of Py infected 
CL 4 ce lls growing in 2% serum. These cells were isolated, grown for 
several passages in cul tu re medium and then cloned [20] before use. On 
the 0.5% agar plates, macroscopic colonies became evident 2-3 weeks 
after ce ll plating. 
Incorporation of "H-Thymidine into DNA 
10" cells were seeded in 6 cm Petri dishes. Two days later the cells 
were PUV A-treated as described above and grown in fresh medium 
without 8-MOP. At various times thereafter, duplicate plates were 
pulsed with 2 fLCi/m l "H thymidine (6 Ci/mM New England Nuclear) 
for 15 min. The cells were washed twice with cold PBS, lysed with 6 ml 
o f 0.1 % sodium dodecyl sulfate, and the samples were processed as 
described by Hershko, Mamont et al. [26]. 
RESULTS 
Plating Efficiency 
Initia l experiments indicated that 8-MOP a lone at conce ntra-
tions as high as 1.0 ~tg/ml had no effect on the PE. UV exposure 
of up to 60 sec (0.6 J /cm~ ) also had no significant effect on cell 
survival (Fig 1). However, doses of 8-MOP above 0.025 ~g/ml 
plus UV irradiation decreased survival (Fig 1). The workable 
concentration range of 8-MOP was between 0.005 and 0 .5 ~g/ 
ml 8-MOP. Above this concentration range, cell survival was 
negligible; below it, survival was only affected at UV doses 
which were themselves toxic. Infection of the cells with virus 
did not lead to an appreciable change in the PE of either control 
or PUVA pretreated cells (not shown). 
Enhancement of Viral Transformation by PUVA 
We examined the effect of PUVA on viral transformation at 
3 doses of UV while varying the concentration of 8-MOP over 
a wide range (Fig 2). The enhancement of viral transformation 
increased with decreasing cell survivaL At an 8-MOP concen-
tration of 0.5 ~g/ml and 0 .3 J / cm2 UV, which can result in a 
surviving fraction of as low as 0.005, the enhancement factor is 
approximately 30. This represented t h e highest measured stim-
ulation of viral transformation. Concentrations of drug higher 
t han 0.5 ~g/ml with 0.3 J / cm2 UV light, or 0.5 ~g/ml 8-MOP 
with .higher doses of UV light, resulted in the death of all cells. 
Effect of Multiplicity of Infection on the Transformation 
Frequency 
To determine whethe r the enhancing effect of PUV A was 
evident at both low and high multiplicities of viral infection, 5 
X 1O~ or 2.5 X 10'1 PFU/ cell were added to PUVA pretreated 
cells, as well as to untreated controls. As can be seen from 
Table I, the number of transformed colonies increased with 
high er virus concentrations, and the enhancement factor due 
to PUV A was independent of the multiplicity of infection. 
Effect of UV Light or 8-MOP Alone 
Concentrat ions of 8-MOP as high as 1.0 ~g/ml without light 
caused no enh ancement of viral transformation (not shown). As 
can be seen from Fig 2, 0.1 ~g/ml 8-MOP plus 0.6 J / cm2 UV 
light increased the frequency of viral transformation about 7-
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FIG 1. The surviving fraction of PUV A-treated baby hamster kidney 
cells. Cells were exposed to PUVA and reseeded as described in the 
text. The surviving fraction was calculated by dividing the plating 
efficiency (PE) of treated cells by that of control cells treated with the 
indicated amollnt of light alone. The insert shows the surviving fraction 
of cells treated with various exposures of UV-light only. The PE of 
contro l cells was about 30%. 
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FIG 2. The effect of varying 8-MOP concentration and UV-light 
exposure on the enhancement factor. Cells were treated as indicated 
and the enhancement factor determined as described in the text. The 
highest measured enhancement was found at 0.5 /lg/ml 8-MOP plus 0.3 
J /cm2 UV-light. Concentrations above 0.5 /lg/m1 with 0.3 J/cm2 , 0.1 
/lg/ ml 8-MOp with 0.6 J/cm2 and 0.01 /lg / ml 8-MOP with 1.2 J/cm2, 
respectively, resulted in no surviving cells. The numbers above the 
columns indicate the absolute number of transformed colonies per 
plate. All these experiments were done with a M.O.l. of 1.25 x 10" 
PFU/ cell except 0.01 /lg/ mI8-MOP plus 1.2 J/cm2 UV which was done 
a t 2.5 x 10:1 PFU/cell. 
TABLE I. Com.parison of the enhancement of transform.ation at 2 
viru.s concentrations" 
Numbers of Enhance· 
Treatment M.O.1. transformed Surviving ment (PFU/cell) colonies fraction factor X IO- r, cells 
None 5.0 X 102 8 1.0 
2.5 X 10" 23 1.0 
.01 /lg/ ml 8-MOp 2.5 x 10" 29 1.0 
1.2 J /cm" UV light 2.5 X 102 2.5 .25 2.5" 
.01 /lg/ ml 8-MOp 5.0 x 102 8 .13 7.7 
plus 
1.2 J /cm2 UV light 2.5 X 10" 36 .13 12.0 
" Replicate pla tes of cells exposed to the same pUVA pretreatment 
were infected with two different concentrations of virus. The frequency 
of transformation in both control and PUV A treated cultures increased 
with the multiplicity of infection. 
" After correcting for M.O.I. 
fold. Since 0.6 J/cm2 UV-light exposure alone caused only a 2-
fold stimulation (not shown), the drug and light acted synergis-
tically in enhancing viral transformation. 
The Effect of Cell Density on the PE 
The described enhancement of transformation is not the 
result of an increase in the absolute number of transformed 
colonies per plate but is dependent on the correction for the 
number of cells which are capable of growing after the PUV A 
treatment. Therefore, it is important to show that the survival 
of cells in the transformation assay is not better than the 
survival in the PE assay due to the fact that 10J-fold more cells 
are plated in the former assay than in the latter. 
In a preliminary experiment we determined that CL 4 cells 
treated with 5 f.tg/ml 8-MOP plus 3.0 J/cm2 UV-light and 
subsequently trypsinized reattach to the surface of Lux Petri 
dishes when reseeded. However, these cells did not give rise to 
colonies but rather came off the surface of the Petri dish within 
48 hr. In order to more closely approximate the experimental 
conditions in the PE to those in the transformation assay we 
added 2 X 105 nonviable cells to the viable cells in the PE. As 
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can be seen from Table II th..e PE of control cells is slightly 
improved by the addition of nonviable cells. This improvement 
of the PE is also found in those cells pretreated with PUV A at 
dosages that result in enhanced transformation. Since the effect 
of increasing the cell number in the PE is small and since it is 
about the same for controls and for PUV A pretreated cells, we 
conclude that the surviving fraction is a good indicator of the 
toxicity of PUVA in the transformation assay. 
Effect of PUVA on Noninfected Cultures 
For all PUV A concentrations used in the transformation 
experiments, duplicate plates were PUV A treated and mock-
infected before replating. None of these cultures showed trans-
formed colonies. Thus the cell injury due to PUV A alone did 
not result in a transformed morphology. 
Characterization of Transformed Cells 
To determine whether the morphologically altered cells on 
the virus infected Petri dishes were stably transformed, we 
isolated several clones and carried them in culture for up to 21 
passages. The cells showed the following properties character-
istic of transformed cells [24]: (1) an increased PE compared to 
their nontransformed counterparts (60% vs. 30%); (2) increased 
nonvolatile acid production in culture without changed satura-
tion density or doubling time; (3) tumorigenicity when injected 
subcutaneously into hamsters (Table III). Finally, our trans-
formed cells, CL 2, also had acquired the ability to form 
TABLE II. The effect of cell density on th.e plating efficiency of baby 
ham.ster hidney cells trea.ted with low dosages of PUVA 
Nunviabl e" Number of Number of Enhancement 
'r'reatmcnt viable colonies of plating cells added cells seeded pel' plate" effi ciency' 
0 200 62 ± 13.0" 
None + 200 82 ± 3.9 1.3 
0 600 147 ± 1.2 
.5/lg/ mI 8-MOP 0 200 10 ± 2.4 
+ + 200 19 ± 4.6 1.9 
0 600 29 ± 7.9 
.3 J /cm" UV + 600 39 ± 3.1 1.3 
.25/lg/ mI8-MOP 0 200 51 ± 7.3 
+ + 200 61 ± 6.4 1.2 
0 600 100 ± 6.8 
.3 J/cm2 UV + 600 134 ± 9.4 1.3 
" 2 x 10" nonviable cells were added +, or not added O. See Methods 
Section for inactivation procedure. Control plates seeded with 2 x 10" 
nonviable cells a lone grew no colonies. 
" Average of 4 plates. 
" Enhancement of PE is calculated by dividing the number of colonies 
in those plates with added nonviable cells by the number of colonies in 
those plates which were seeded with viable cells only. 
" Standard deviation. 
TABLE Ill. Growth of cloned baby hamster kidney cells injected into 
hwnsters" 
Clone Number of Growth Animals with characte risti c tumors per 
number cells injected on Petri dish nnimals injec t.ed 
4 10'; Normal O/IX 
4 10' Normal O/V 
4 6 x 10' Normal D/ V 
4" 10'; Normal OI lY 
2 10" Transformed 9/ IX 
42 10" Transformed 5/VI 
" CL 4 came from a cloned cell isolated from the stock culture of 
BHK 21/ 13 received from the ATCC. CL 2 came from a cell isolated 
from a morphologically transformed colony of cells infected with p y 
not pre treated with PUV A. CL 42 came from a cell isola ted from a 
morphologically transformed colony of PUV A pretreated cells infected 
with py. CL 4" are CL 4 cells which had been treated with 0.5 /lg/ mI8-
MOP plus 0.3 J/cm2 UV light before injection into the animals. 
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macroscopic colonies when plated on 0.5% agar whereas the 
nontransformed, CL 4, cells were not able to grow under these 
condit ions. The PE of CL 2 cells on 0.5% agar was about 7%. 
Effect of PUVA on Cellular DNA Synthesis 
W e measured the incorporation of :JH-thymidine into acid 
precipitable material at 1, 4, 22, and 28 hr after treatment (Fig 
3). 0.01 ,ug/ ml 8-MOP plus 1.2 J/cm~ UV inhibited DNA syn-
t h esis to a bout 75% at 28 hI". Uptake of :IH-thymidine into the 
acid soluble pool was also decreased. However, this inhibit ion 
of uptake does not by itself account for the decrease in incor-
poration into acid precipitable material. Thus, enhancement of 
viral transformation is observed at a PUV A concentration 
which markedly inhibits DNA synthesis. 
DISCUSSION 
Pretreatment of BHK cells with PUV A enhances the fre-
quency of t ransformation by polyoma virus up to 30-fold. Since 
the drug alone results in no enhancement, and UV-light alone 
increases the transformation frequency only slightly, t his stim-
ulation is due to a synergistic effect between t he drug and light. 
We have not detected transformation by PUV A without viTal 
infection in our experiments. 
The absolute number of transformed colonies in PUV A pre-
treated vil"uS infected cul tures is smaller than in control infected 
plates. Whether the relative enhancement of t ransformation by 
PUV A is due to the selective killing of BHK cells which are 
less susceptible to transformation or whether it represents an 
actual increase in the tl"ansformability of individual cells is not 
clear from OUl" data. The enhancement of transformation by 
short wave UV light ol"iginally shown by Lytle, Hellman, a nd 
Telles [16] a nd the enhancement of polyoma virus transfor-
mation of BHK cells after x-irradiat ion [27] also was calculated 
fro m a. decreased abso lute number of transformed colonies. 
S ubsequently, it was shown in different cell-vil"us systems 
[28,29] that UV light can enhance transformabili ty as demon-
strated by an increase in the absolute number of transformed 
colonies following light exposure. Thus it is possible that the 
nonlethal cell damage due to PUV A treatment results in en-
hanced transform ability of mammalian cells. Moreover, since 
we used cloned BHK cells, it seems unlikely that a "more 
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FIG 3 .. The effect of PUVA treatment on DNA synthesis. Cells were 
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transformable" subpopulation of these cells exists which is also 
less sensitive to killing by PUV A. 
Our data indicate that enhancement of viral transformation 
occurs at doses of PUV A which reduce D NA synthesis to 75% 
of control. This could mean t hat the stimulation of cellular 
DNA synthesis found 16 hr after infection with a DNA t umor 
virus [30,31 ] may not be prerequisite for transformation, or that 
DNA synt hesis was not inhibited in the small population of 
cells which became t ransformed. 
Several investigators [32,33] have reported t hat integration 
of viral DNA into cellular D NA can take place in t.he absence 
of replicative synthesis in abortively infected cells. By contrast, 
in the abort ive infection of 3T3 cells with SV 40 virus [34], cell 
growth is necessary for fixation of the transformed state. Also 
in the productive infection of human cells with adenovirus 
type 2 [35], cell growth appears necessary for the synthesis of 
high molecula r weight viral DNA. T hus it is still not clear 
whether replicative cellular DNA synthesis is necessary for 
integration of viral DNA sequences into host DNA. This com-
plex process may vary from system to system. 
The mecha nism by which PUV A enhances viral transfor-
mation is not known. Exposure of mammalian cells to 8-MOP 
a nd UV A leads to the formation of monofunctional adducts and 
crosslinks between complimentary strands of DNA [36). Psor-
alen photoproducts lead to an increased mutation rate in bac-
teria [8). It is possible, therefore, that the observed increase in 
viral t ransformation is t he resul t of one or more mutational 
events in t he cellular genome [37). Many mutagens, including 
254 nm UV inadiation, are effective in. vivo only at doses which 
produce extensive lethali ty [38). Consistent with this is our 
finding that enhancement of transformation is only evident at 
doses of psoralen-plus-Iight which cause considerable killing. 
The survival of E. coli recA and llUrA strains following 
psoralen-ligh t t reatment is decreased compared to wild-type 
bacteria, and the combined muta nt !lvrA recA is even more 
susceptible to killing, suggesting the involvement of both the 
uvrA endonuclease a nd the recombination system in the recov-
ery of bacteria after psoralen damage [39]. Excision and resyn-
thesis is the major route by which single-strand damage such 
as pyrimidine dimers is repaired in human cells [40,41). How-
ever, rodent cells in general perform only low levels of excision 
repair [42]; in these cells, single-stranded damage is handled 
through a bypass mechanism (PC Hanawalt, personal commu-
nication) . The fact that UV-induced pyrimidine dimers increase 
t he freq uency of transformation in an SV -40 vil"us/ C3H cell 
system [28] suggests t hat t he incorporation of v.iJ"a1 DNA into 
t he host cell genome associated with enhanced transformation 
[32] may be dependent upon some repair mechanism other 
than excision. Psoralen cross-link repair would seem a priori to 
require something other than simple excision, since when one 
arm of t he cross-linked DNA is excised, the other strand is not 
availa ble as a template for norma l polymerization. 
The mechanisms of DNA repair and viral transformation in 
BHK cells have not been well-established. Until more is known 
about the repair of psoralen damage in these cells, it will not be 
possible to explain the enhancement of t ransformation of 
PUV A-treated BHK cells by Py vil"us. However, as additional 
information about t he mechanism of action of PUV A accumu-
lates, this system may become an interesting tool to examine 
the processes which lead to cellular t ransformation. 
We did not find an increase in the absolute number of 
transformed colonies per plate after PUV A treatment as com-
pared to controls. Stoker [27] suggested that x-irradiation of 
BHK cells results in an enhancement of t ransformation by Py 
virus on the basis of experiments in which the absolute number 
of t ransformed colonies per plate in the treated group was lower 
than in the nonirradiated control plates [27). It is well known 
that long-term exposure to x-irradiation causes cancer in man. 
On t he other hand, a direct analogy should not be drawn from 
our data to t he effects of PUVA therapy in human patients. 
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Compared to an in vitro system, the situation in vivo is com-
plicated by several variables. For example, the concentration of 
8-MOP in human skin cells after oral drug intake is not known 
at this time. Moreover, our studies were done not in human 
cells but rather in rodent cells, which are known to exhibit little 
or no excision repair of DNA damage resulting from short wave 
UV -light [42]. 
We would like to thank Mrs. Eva Pfendt for outstanding assistance, 
and Noel Calvin for many hours of helpful discussion. 
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